003401 .P098 




CLAIMS 



What is claimed is: 



An interconnection element comprising: 
a first element material adapted to be coupled to a 

3 substrate; and 

4 av second element material coupled to the first element 

5 material^ 

6 wherein one of the first element material and the second 

7 element material comprises a material having a transformable 

8 property suchVthat upon transformation, a shape of the 

9 interconnection\ element is modified. 




1^ 



3 
4 



2. The interconnection element of claim 1, wherein the 
interconnection element is\pf a size suitable for directly 
ontacting a semiconductor device. 

3. The interconnection element of claim 1, wherein a 
transformation of the one of thet first element material and 
the second element material is irreversible . 

4\ The interconnection element of claim 1, wherein the 
transformable property is such that a first volume of the 
mateYial is adapted to be transformed to a different second 
volume 



1 5. The interconnection element of claim 4, wherein the 

2 first element material and the dfecond element material are 
"^5**^arranged in a configuration such Vhat the second element 
X^A /material overlies the first elemeAt material and the first 

/volume of the second element material is greater than the 
-^o / second volume. 

1 6. The interconnection element of cUaim 4, wherein the 

2 first element material is thermally stable and a 

3 transformation of the second element material from the first 
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4 volume to the second volume is a result of exposing the 

5 second element material to heat. 

1 7. The interconnection element of claim 6, wherein the 

2 transformation comprises at least about 90 percent of the 

3 transformable volume change of the second element material. 

1 8. The interconnection element of claim 1, wherein each of 

2 the first element material and the second element material 

3 ha ve a transformable property. \ 

\y. The interconnection element of - claiVn 1, wherein at least 
/one of the firsts element material and tAe second element 
3 I material are introduced by plating. \ 

1 10. The interconnection element of clairrul, wherein at least 

2 one of the first element material and the Isecond element 

3 material are introduced by sputtering. \ 

1 11. The interconnection element of claim 1, wherein at least 

2. .. _one.__o_f_ the . first.. element material, and the„ sjecond. element 

3 material are introduced by electroless plating. 

1 12. The interconnection element of claim 3 A wherein the 

2 first element material comprises palladium ot its alloy. 

1 3^ The interconnection element of claim 4, wherein the 

2 fira^t element material is an alloy comprising 

3 palladium/cobalt and the activation layer comprises one of 

4 copper \nd nickel. 

1\ 14. The interconnection \element of claim 13, wherein the 
2 Isecond element material further comprises nickel. 

If 15. The interconnection element of claim 13, wherein the 
2 I second element material comprises a nickel alloy. 

\ 43 



003401 . P098 



16. The interconnection element of claim 1, wherein the one 
of the first element material and the/' second element material 
comprises a shape memory alloy. 

17. The interconnection element of claiJh 16, wherein the 
second element material comprises the shjape memory alloy and 
overlies the first element material 

18. The interconnection element of cla/im 1, wherein the 
transformable property is a stress and /the transformation 
reduces the magnitude of the stress of/ the material. 

19. The interconnection element of c/Laim 18, wherein the 
irst element material comprises the /material having the 
ransformable property and the second element material has a 

tensile stress, wherein upon transformation, the deformation 
comprises a response to the tensile/ stress of the second 
element material. 

20. The interconnection element off claim 19 wherein the 
second element material is thermal/ly stable and a 
transformation of the first element material is a result of 
exposing the first element material to heat, 

21. The interconnection element /of claim 18, wherein the 
first element material comprises / the material having the 
transformable property and the siecond element material has a 
compressive stress, wherein upon transformation, the 
deformation comprises a respons^ to the compressive stress of 
the second element material. 

22. An electronic component comprising: 

• v ■ """" " "* 
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a Plurality of free-standing resilient interconnection 
elements! coupled to the substrate in such a manner that a 
base of aia interconnection element electrically contacts a 
corresponding one of the contact nodes and an interconnection 
element comprises: 

a tvrst element material adapted to be coupled to a 
substrate, and 

a second element material coupled to the first 
element material / 

wherein one o^ the first element material and the second 
element material cor^prises a material having a transformable 



property such that upon transformation, a shape of the 

slement is modified. 



interconnection e] 





3 
4 



The electronic component of claim 22, further 
cor^prising : 

a plurality of conductive signal lines associated with 
the s\ibstrate; and 

the plurality of free-standing resilient 
interconnection elements coupled to the substrate, the base 
of the interconnection element electrically contacts a 
corresponding one of the signal lines and an interconnection 
element . 

24. The electronic component of claim 22, wherein a 
transformation of the one d£ the first element material and 
the second element material Y s irreversible, 

25. The electronic component \pf claim 24, wherein the 
transformable property is such Vhat a first volume of the 
second element material is adapted to be transformed to a 
different second volume. 
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26. The electronic component of claim 25 , wherein a free 
portion of the interconnection elemerlt is initially fixed to 
the substrate and when the free portion is released from the 
substrate, the free portion is adapted to be biased away from 
the substrate in response to a transf ormation of the second 
element material from the first volume to the second volume. 

27. The electronic component of clairrl 26, wherein the first 
element material and the second elemen : material of the 
interconnection element are arranged in a configuration such 
that the second element material overlies the first element 
material and the first volume is greater than the second 
volume . 1 

28. The electronic component of claim 27, wherein the first 
ement material is thermally stable and a transformation of 

he second element material from the firlst volume to the 
second volume is a result of exposing the second element 
material to heat . I 

29. The electronic component of claim 28, wherein the 
transformation comprises at least 90 percent of a 
transformable volume change of the second! element material. 

30. The electronic component of claim 221 wherein each of 
the first element material and the second lelement material 
have a transformable property. I 

31. The electronic component of claim 22,1 wherein at least 
one of the first element material and the second element 
material are introduced by plating. 1 
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32. The electronic component of claim 
one of the first element material and t 
material are introduced by sputtering. 



22, wherein at least 
le second element 



33. The electronic component of clain/ 22, wherein the first 
element material comprises palladium. 

34. The electronic component of cla/±m 22, wherein the second 
element material overlies the first/ element material and each 
interconnection element further comprises a spring material 

upled to the second element material, the spring material 
comprising at least about 90 percent of the interconnection 
element , 

35. The electronic component o^ claim 34, wherein the spring 
material comprises a nickel alloy. 

36. The electronic component ©f claim 34, wherein the 
interconnection element furthet comprises a contact material 
adjacent a surface of the spring material. 

37. The \eJr9ctronic component of claim 22, wherein the one of 
the first TaLoment material and the second element material 
comprises av shape memory alloy. 

38. The electronic component of claim 22, wherein the 
transformable property Vs a stress and the transformation 
reduces the magnitude oA the stress of the material. 

39. The electronic component of claim 38, wherein the first 
element material comprises Vhe material having the 
transformable property and tme second element material has a 
tensile stress, wherein upon Vransf ormation, the deformation 
comprises a response to the tensile stress of the second 
element material 
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1 40. The electronic component of claim 39, wherein the second 

2 element material is thermally stable and a /transformation of 

3 the first element material is a result of Exposing the first 

4 element material to heat. * / 

1 41. The electronic component of claim 38/, wherein the first 

2 element material comprises the material having the 

3 transformable property and the second element material has a 

4 compressive stress, wherein upon transformation, the 

5 deformation comprises a response to the /compressive stress of 

6 the second element material. / 

1 42. The electronic component of claim/22, wherein the 

2 plurality of free standing interconnection elements are 

3 coupled to more than one surface of tne substrate . 

43. The electronic component of claiJm 22, wherein the 
plurality of nodes comprise a first aontact points, the 

3 electronic assembly further comprising: 

4 at least one re-distribution liine coupled to at least 

.5- _on.e. ,of...the .plurality _o_f„ nodes.,. / ... .. _ _ _ 

6 wherein the corresponding at lleast one interconnection 

7 element is coupled to a second contlact point different from 

8 the first contact point, the second contact point and the 

9 first contact point coupled througn the at least one re- 
10 distribution line. / 

1 44. The electronic component of claim 22, wherein the 

2 substrate comprises one of a semi-conductor , a ceramic, an 

3 organic, and a metal material. ■ / 

1 45. The electronic component off claim 22, wherein the 

2 substrate comprises an interposer. 

1 46. The electronic component d>f claim 22, wherein the 

2 substrate comprises a component of a probe card. 

Us 
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1 47. The electronic component of claim 22, wherein the 

2 substrate comprises a socket for releasably connecting the 

3 electronic assembly to an electronic component. 
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An assembly comprising: 

a first substrate having a plurality of first contact 
nod^s formed on the first substrate and a plurality of free- 
stanaing resilient interconnection elements coupled to the 
subst^te in such a manner that a base of an interconnection 
element\ electrically contacts a corresponding one of the 
first coVtact nodes; and 

a second substrate having a plurality of second contact 
nodes , 

whereil^ the interconnection element comprises: 

a Xirst element material adapted to be coupled to a 
substrate, anc 

a second element material coupled to the first 
element material\ and one of the first element material and 
the second elemenV material comprises a material having a 
transformable property such that upon transformation, a shape 
of the interconnection element is modified, ... 

wherein the interconnection element has a portion 
thereof which is capaBle of moving to a first position in 
which the interconnection element is in contact with a second 
contact node. 



1 49. The assembly of \claim 48, wherein the assembly is part 

2 of a probe card assemdly. 

£^50. The assembly of claim 48, wherein the assembly is part 
\ a wafer- level test assembly. 




r l / 51. The assembly of clain\48, wherein the second substrate 
2 L is a circuit board. 



1 52. The assembly of claim 48L wherein the assembly is part 

2 of a socket and the second contact nodes comprise external 

3 connection points. 
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1 53. The assembly of claim 52, further comprising A third 

2 substrate of a circuit board having a plurality off third 

3 contact nodes, / 

4 wherein the external connection are aligned /with the 

5 third contact nodes to couple the package to the/ third 

6 substrate. / 

1 54. The assembly of claim 48, further comprising a stop 

2 structure disposed on the first substrate and defining the 

3 first position. / 

1 55. The assembly of claim 48, wherein a transformation of 

2 the one of the first element material and the second element 

3 material is irreversible. / 

1 56. The assembly of claim 55, wherein the* transformable 

2 property is such that a first volume of the material is 
adapted to be transformed to a different/second volume. 

Aly /I - The assembly of claim 56, wherein h free portion of the 
jlE /interconnection element is initially fixed to the first 

3 substrate and when the free portion ±3 released from the 

4 first substrate, the free portion is adapted to be biased 

5 away from the first substrate in response to a transformation 

6 of the second element material from /the first volume to the 

7 second volume . ' / 

1 58. The assembly of claim 57, wherein the first element 

2 material and the second element material of the 

3 interconnection element are arranged in a configuration such 

4 that the second element material/ overlies the first element 

5 material and the first volume is greater than the second 

6 volume . / 

1 59. The assembly of claim 58, /wherein the first element 

2 material is thermally stable apd a transformation of the 

/so 
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3 second element material from the first volume to yche second 

4 volume is a result of exposing the second elemeryfc material to 

5 heat. 

1 60. The assembly of claim 59, wherein the transformation 

2 comprises at least 90 percent of a transformable volume 

3 change of the second element material. 

1 61. The assembly of claim 48, wherein ea£h of the first 

2 element material and the second element paterial have a 

3 transformable property. 

1 62. The assembly element of claim 48/ wherein at least one 

2 of the first element material and th^ second element material 

3 are introduced by plating. 

1 63. The assembly of claim 48, wherein at least one of the 

2 first element material and the second element material are 

3 introduced by sputtering, 

64 . The assembly of claim 4 8,/ wherein the first element 
material comprises palladium, 

65. The assembly of claim /48, wherein the second element 
material overlies the firsye element material and 
interconnection element further comprises a spring material 
coupled to the second eLement material, the spring material 
comprising at least abc^ut 90 percent of the interconnection 
element . 

1 66. The assembly of/ claim 65, wherein the spring material 

2 comprises a nickel Alloy. 

1 67. The assembly/ of claim 65, wherein the interconnection 

2 element further comprises a contact material adjacent a 

3 surface of the spring material. 
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1 68. The assembly of claim 48, wherein the one df the first 

2 element material and the second element material comprises a 

3 shape memory alloy. / 

1 69. The assembly of claim 48, wherein the transformable 

2 property is a compressive stress and the transformation 

3 reduces the compressive stress of the material. 

1 70. The assembly of claim 69, wherein t^ne first element 

2 material comprises the material having the transformable 

3 property and the second element material has a tensile 

4 stress, wherein upon transformation, /the deformation 

5 comprises a response to the tensile yfetress of the second 

6 element material. / 

1 71. The assembly of claim 70, wherein the second element 

2 material is thermally stable and/a transformation of the 

3 first element material is a result of exposing the first 

4 element material to heat. / 

1 72 . The assembly of claim 69s wherein the first element 

2 /material comprises the material having the transformable 
> / / 

3/ property and the second element material has a compressive 

4 stress, wherein upon transformation, the deformation 

5 comprises a response to tfie compressive stress of the second 

6 element material. / 

1 73. The assembly of c/Laim 48, wherein the plurality of free 

2 standing interconnection elements are coupled to more than 

3 one surface of the s/ubstrate. 

1 74. The assembly ybf claim 48, wherein each of the plurality 

2 of first contact /nodes on the first substrate terminate at 

3 . first contact pafints, the electronic assembly further 

4 comprising: / 
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5 at least one re-distribution line coup/Led to at least 

6 one of the plurality of first contact nodes, 

7 wherein the corresponding at least o/e interconnection 

8 element is coupled to a second contact point different from 

9 the first contact point, the second contract point and the 
first contact point coupled through thf at least one re- 

stribution line. 



75. The assembly of claim 48, wherein the first substrate 
comprises one of a semiconductor, a/ ceramic, an organic, and 
a metal material 




2 
3 



1 • A system for contacting an electronic device including 

lV/ 2 * an\assembly comprising: 



3 \ a first substrate having a plurality of first contact 

4 node^v formed on the first substrate and a plurality of free- 

5 standing resilient interconnection elements coupled to the 

6 substrate in such a manner that a base of an interconnection 

7 element Electrically contacts a corresponding one of the 

8 first conVact nodes; and 

9_ a second substrate having a plurality of second contact 

10 nodes, 

11 wherein\the interconnection element comprises; 

12 a f\rst element material adapted to be coupled to a 

13 substrate, and 

14 a second element material coupled to the first 

15 element material \ and one of the first element material and 

16 the second element material comprises a material having a 

17 transformable property such that upon transformation, a shape 

18 of the interconnection element is modified, 

19 wherein the interconnection element has a portion 

2 0 thereof which is capable of moving to a first position in 

21 which the interconnection element is in contact with a second 

22 contact node. 
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77. The system of claim 76, wherein/ the system comprises 
integrated circuit test system and me assembly is part of 
probe card assembly. / 

78. The system of claim 76, wherein the system is a 
substrate mounting system. / 

79. The system of claim 78, wherpin the second substrate 
a circuit board. / 

The system of claim 78, wherein the assembly is part 
a socket and the second contact /nodes comprise external 
connection points. / 

81. The system of claim 80, wierein the assembly further 
comprises a third substrate on a circuit board having a 
plurality of third contact nodes, 

wherein the external connection are aligned with the 
third contact nodes to couple the package to the third 
substrate. / 

82. The system of claim 7Gf, further comprising a stop 
structure disposed on the first substrate and defining the 
first position . / 
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